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[fsi« 1 1 ( a > ^<*a«w±st^ i mm 

( b ) S 1 lagRLKSS 1 8®g£*«U b5S« 
£ffitf>iitfSS2^€R£JB>&t£Xg. 

( c ) memmomzMi i ^R±^«rtem2smK 

XXtfmi m^M Srffig t <fc 0 Bfe* t . fiESrt 
£$l£^-|>Xg. 

( d ) 1 J&HI&fc 1 tXffiS^ffi £ §7Ctt#ffl^ 

( e ) iflB77XvK®rg<9*im KiiemffitiK 

mmxh->x. 

mssTumsm^ryx-?^ ry^-r <nh 3 ) 

7-5X7, *3I (H 2 ) TyX^XhhZt* 

mumx-b^x. 

mmjf&W^^T^X^i. TVt-T (NH 3 ) 

mmsvfxn. (h 2 ) , mm (n 2 k r/i^ 
murnxb^x. 

fSSn^KMfSTVt-T (NH 3 )?>i8gti5 

mum. 

mumxb^x. 

MfBt7^£B^X5X?»i, *5g (H 2 ) k^SSWf 

wi&?&i«fX»i. TVt-T (NH 3 ) , 
(N 2 ).r^(Ar),VJ->A(He)HS 

t>h z t zim t -r s^tt^@K5is<osss*s. 

frifi^ 2?pg&«ilft!P*> : 5:S Z k Zmit? 

mmmm^mum. 

immi i^7ii8o^ttmsi2i8-3tHtf>s 



mumx-b^x. 

H 3 ) » Aim (H 2 ) . ifcli.. Clfi^Otfxkggi 

(N 2 ) . TlVly (Ar) . ^lOA (He) 

mmumxb^x. 

BflfEglfcL 9 9. 9 9%iiLt.^«ST , ft6CltSr!»a 

t ?hmtmmw%Mn&mum. 

imm 1 1 1 m& i a®co^fl^08Siis<o 

mSi (c) Igk (d) XgkOiat. mffi^l^SR 

im$% 1 2 1 1 1 mtcr^mmmmm 
crmgmxb-ox . 

ms^mzit. y yitom (hf) ttite?x.>m 

(C (CH 2 COOH), (OH) (COOH) ) tf>* 

mum. 

[is«ai3] m$m 2mbmmmm®s&2m 
rtsmmxb^x. 

wffim i ^SKii^ y 3 yefljSTj) o . fries 2 
KJi^^^o, mrES2^iS{i^y3^kirc*> 

iit*fl 1 4 ] 1 3 iflKco-^i^matHi^i: 

frei7ctt#Ba^^^x-7ji, rvt-r (n 

H 3 ) . (H 2 ) . ifctt. dtl^W^XkgSg 
(N 2 ) . T>Vd> (Ar) . (He)KS 

fl$fifcJii-*>tti«&<o#x k oMGfiwry Xv 

TJ>6,Ik 2r^f®fc-r S^«^SlHl«8^S^SBt* 

[.i*«i5} mm 4mb<vmmm®mm 
(rmmmiTt>'>x . 

ffte^ti. 9 9. 9 9 %aJb^at6JgTj)S >! k 5r^SS 
k -ri>^«^«lHl!S^iOSJ§^. 

ffte ( c ) xet^fti.8fewi. aaa^y-ofl^a 
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immsi mmi 7mL^mmmmmmm 

mumfrb**). mam2immtt^j oy^mth 
imm 1 9 ] mm i 8 mLv^mmmmmzw. 

h 3 ) x 7m <h 2 ) » iMt. ztit?<?)tfz.tmm 

(Nj ) . TlVdiV (Ar ) „ 'v'J^A (He) fl^SS 
iRS *tfc#-£ i: O&^-tfXOX? Xv 

i£. 

[ w*« 2 o i mm 1 9 e&?>¥*sf*maiiiB§ss 

me ( c ) iet ( d ) xut<rmz. ms&i®&& 
tsxxfs&cmmzyvibkm (hf) afctt^xyK 

(C(CH, COOH)j (OH) (COOH))£>* 

imm2 1 ] it*«2 o mmmwmm^m 

S^ii. 9 9. 9 9%JjUi<0Si«JK'e&6dfc£88t 
[|»£JS2 2 ] ( a ) #3Stt»Stf>JJlfc:SS i 8*118 

(b) f3^1|gliK±fc3gl$®^£tt«U 15ISS 
£Jltf>iitr&2&mi8£J&£-fSXg, 

( c ) !®?8KW-toSiiem 1 Jfilil&bomfe® 2g«K 

£»j£t£Xg, 

^xMjc^&xvmttxmzifotxn. 

( e ) m^itmm3it^s±^m2tmm^im 

-t&xs. 

mm2 3 ] mm2 2 ^m<mmmmm^m. 

tmryX^it. T>*=7 (NH 3 ) , tfcttrv* 

(h, ) . mm (n, ) . (a 



mm.<mmm£X'h'>x , 

( b ) snem 1 ifetusfcis* w&imfRt&xn. 

mmmi. mm£t:itJi£&#>&ttm2mwm&M 
f&t&xn. 

( e ) mmtMiiuww>m^2&mmtoiivmi 

mm-t&xn. 

& 

[ff*JB2 5] mm2 4mL<vmimmmm 
cnwrnrnx-h-yx . 

B5Wctt#ffl^X5Xvtt, 7 V*-T ( N 

h 3 ) „ 7m (h 2 ) % ^3ta. dtit>^xfcg^ 

(N 2 ) , 7)VlV (Ar), 'OJ'^fc. (He)HS 
( b ) IgfcfcVvt!?fEgs l Js £Vm2imBUz®£t: 

itii&ffi&i. wa ( c ) xeKt5v^Ti3a^*fc»i?L 
imm2 7i *mtomg.<7)±®£mzivK:mi®. 

heis i mms xxfsmt ffisn82m$si t mmz 
\^{m&M&zixx^&zk£imt?h^mm 

xh->x. 

w^miimmt^j^yf^mx-M. mmm\m 
•c*o, m^2immii'*)?>'g. j mxb&zk* 

irnm2 9i m$m2 8i&&(vmtem®%3m 
ts£im&mfrit^2tmmmti£&^x&< 
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imm3 o i mm 1 mb<vmitem®®&&*> 

[000 1] 

#>Sitfffll8<0Jg&iiJ:t/CMP (Cheiical Mechanical 
Polishing ) ^AlVVttBWK:J:9tt&t~&« V>*>»9>6 

[0002] 

co8BfiMttffv\ SSfilacoiaA:, ffitaggcoitJik - 

fefci.tfl993 VMIC (VLSI Multile 
vel Interconnection Conference) ^f^S. P 1 5~P 

2 1 fciaisfiTv^ i dfc. tmmw&SLLizwm 
®. mm^^ J it^w,^V(^mmm& <cmp 
vmm&w&mzixx^h. 

[0003] *tgjFF9-3 069 15#&*BK 
>j7n-KJ:D?Srtfc£fl£ft«U <e<o&CMPi£KJ: 

m&mzztix^t. 

[0004] *fim 0-560 14^miZ 

0, CMPffifcib*-fS'?4$'a;*?5-y-Wf9Bl£3*i 

[0005] timi 0-56014^&$8fc 
i«a^«L^V^T«LhfcSaiettSOG|S5r»J« 

rm,%xumm bxm*? y^&m<vm& tsfl: 



[0006] 

[0007] -f^:h*>. atti&DO y ^ L s i ss.<m 

Wf^yxhh. *zx-. m\fet>\t. WJ&zmi&th 
&&tLxm$miLx^&. ma. ^<mm.t txm 

txtymx-b s v u a ymcm* zusa t *t v ^ 
mmx-s>&. sffimw^JTrntLximtei-tym 

i/v^ymftrntx-mzWiK mmam (j^v^ym 
hztttmiztix^h. 

[ooo8] tzttf. m^smimzm^tim^. t 

DDB (Ti«e Dependence on Dielectric Breakdown ) 

mtf. fccr&mm {titt&T>i>$.-<>^ *y? 
x^-y) <Dm&tw&LxmL<m^t^?&M&tf&. 

•t&. TDDBiSifcfcli. fflm<v&&Wg&M 

frt>mg.zti&miX'bz>. tddb^co^tjj^ 

[ 0 0 0 9 ] 05 5ti. T^S-^AffiS^^ 
y/Xfyffi8OTDD B^tt&S^Lfer-^ 5r*t" 

yjyx-hh. mtifcT d d b^M(:I«IJ 

fc. IIHIS^O. 2MV/cm (ii^ffiffltt®) tt> 
Jt^TDDB»^»i. *^BM^><^6agTfcS3X 
1 0 8 sec(lO^) ZmzMlh. ffl5S8<0 
(r-^C) Sr^jftSfc. 10^<Oi^BSt« 

ym®ffis&km&£y-?~symm»xmfiLLx» 

TDDB^ttiOg^SrffiS^ft&^fca. SS«^)ffl 

B^ttUl 4 O'C^iaJTF'CtToJtT-^Sr^UT^ 
6. 
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[00101 0%TD D Bm&<0£ttM&te* fi 

yimtWSfSnMQX- H U 7 h L&ISrt&®S#£E 

t** y-rmt^m^^xm^m^ x o h y 7 

awi^x k ux & anise, u -^tx-cias 

i o o i i i it:. ^mh<nrn-c\t. wm*% 
mmmtKms. ±jmm<vBj8xnx*>&cMPjL 
sttev^T, Tmw&kznimizmfczixK.fflm. 

[0012] s*>k, msssL±.<^t^'yrmttx^v 
[0013] #$69itf>BW»j. yii'vmzm^xmfc 

S*t>tfflffiS^«igK«Btt (fliiBtt) iSr^Ji-r^-i: 
[00 14] *3WI3aBntiL Stemt**'/? 
[0 0 1 5] *ffc9ltf>BfWi. ^77W^ 

[ooi6] ^ig^wmE^^^^^ffi^awtSta 

KhXbho. 
[0017] 

[0 0 18] #fl«5Ki. CMPIgtf>&, S 

Slut, E&fc J: lSZtitf®#>&£h*:mmm (fc 

[0019] ztitzx o » &8te£vmwBmmk 

ttS^Ht^eiJ#LTTDD B#d££L< (Slit- &£ 
[0020] BTF. aHW»0fK*5ffiLTilW&. 



[0021] *^c7)S3JiJra<i. ¥*§tfd£«<oiJ0k: 
S51I&HR (fcfcxtfv'J3>efl^) 81 
M8RI3II (BtKS) £»J£t&. -eotaSSlgmK 

*yR) s ffi£s*>&tis&2&®8 (mm zmmft. 

U »2»«KfiJ:tf»l»«R*W»tTi»l*lfcBa 

£®j£-rs. ^l^gRfcii^ffiia^ffi^ 
m&}}£vs&±.izm2wm tit 

[ 0 0 2 2 ] £ SJBttSllWW^Xvtt, TV 
t~T(NH 3 ) r^XVJ>S^Ji*# (H 2 

-?fc-rsciitf-e£6. r^e-r (nh 3 ) t 

<*fg <H 2 K BS (N t ) , (A 

(H 2 ) i:#SWr'^ (Ty^-T (NH 3 ) . SS (N 
j ) . TAr*> (Ar) . a.»J9^ (He) #>&gjJi$ 

[0023] 4fc. mimmi^j^ym<mtL. 
m2mm&im. m2nmm^'j^ys.<tmt-n>^ 

&Rg.0)M\i-fflZ 4 N-t%h*> 9 9.99 %&±<Q i> 
[0 0 24] 9fgXS<0^. r^xvuics 

i ffig^fc itfi»i<o*®2:ea»-r s £ t s . 

SEa^Wi, ?*ffc*m (HF) 4fe«^xyig (C 

(CH 2 COOH): (OH) (COOH) ) f>7jq§i8 
[ 0 0 2 5 ] 4fc . BfglSfcfcL ffi7 'J -Ofl^S 

m* 1 5 jjLh-cj) h wmwmm *tf a ^ 3 w g» 3 a 
[0026] xmrnwrnmi. tmvmmoimiz 

SSl*eSIS*JB«U ^lt^lStcgi^sEL. ^i# 

«as. »$-ffl«>)itfm2^mRS:jej£t. m2mwmti 
xvmmwmzw&LxmftzB&zjmL. mtt 
miiiiv^^mmiz-ryx^m^xmrnmiiX 

[00 27] z.<n%&<rrTvX-?\t. ry^-T (nh 

3 ) £K&7y*-7i3£v*m (Hj ) t. %m <n 

, ) „ 7)Vzfy (Ar) . -nij^a (He) 3&»fej^3 

t«^a^^x wm&iixvrTvXvx'b 
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COO 28} *§m<nm£fmi. MK'tn 

wmx-bh. £*>\ mtmm±.£f82immzBfiL 

ixh&w 

[00291 xmfomftmmffiiiM.^ si 1 

fc, mi^KfcJ:Vi!8LJbt:»l«$ix^2S5gl8i: 
[ 0 0 3 0 ] $ a, fcr. **BB<^Bt*^«. 

s^wcsi^Ki3iVffis±tcm2 

[0031] JJIT, *f8fctSWt\ teffl-TSffl^O-fc 

[0032] TDDB»^i:«. B)r5&9&g (fcfci.tr 
1 4 0-C) «a^ftTTmSSKJtKWK^€E*ftl 

ffimWM:(*:ti-li0. 2MV/cm) tzirffi LX 
(*fr> £^d. 05 6li. *KOTDDB 

(b) HXV (c ) (a) fcfclt&B-B' SBffffifc 

xA<0TEG (Test Equipment Group) fS$t)gj&T'£ 

a. 0^r*j:pfc:-«ofiwgsiaLS-^2HiajgM2 
^ comma® l fa tc^waan ? tf&tfiWMjZ. ztiz. 

KvhPl. P 2»ia5@B?T2&l>. SJgfillLWfill 
K8fafii> K*Sg£ttfl*t<>0. 5Mint*S. t 
£EII*tfaRy 1 . 58X1 0 5 jumfcU:. 05 7 

it. m&nmzmiK.wbmx'Sih . tsRiaasSAf- 



?HtMS*iimffl^i4 0X:ciiS£iil>. 05 

8JimamEffl^s*«9-0rrfcs. imimi 4 0 

"Cs W,ft&&5MV/cmC0m£&ffir;LK. TDDB 
l^rSBgfcteSg®^*. M"*8Efc ffl^SSX M^£i # 

jsjd (*ei§«8) tfaasfti.. zzx\±. y-^ma 

3&g#ljuA/cm* fc:iiU£l$ia£TDDB*i& (5 
MV/cmtiift&TDDB^) fc Ui. frfc, *S 
KfcWt, TDDB3l<8rfc»±. ftfcW&L&V^OO. 
2MV/cmt:l3»tSKWH (»#) £^3**, JEit 

ixTDDBm&<r>m$m^-&i>b&. ttz. mz 
WRi^m. TDDB»^»i. iffliami40T:<o 

*££v^. %ti. TDDBINr«B?E^)gffil8LT 
[00331 X^X-ejaJlfctt, 7yXWmzi>2>m 

mzwmm. hh^\t. m±izmm. &mmn 

ffitiM&ZiiX^&l%MiZ<omt$fflZ:gsnL. 7 

miiz^-tx^mthz tz^o. -WLtz7J*-?ii&%. 
£tmz-ttz±]8.-t6tf. mmzi£g£iz%mtfxx'm 

mh^tii.X'^W XiX. *KT1i. t;ti.\fT 

y±-777X~?tWlXi>. %&£TV^-T77X 

fm$x (mm. mm. A<mm) <m 

&zmfct&i>e>x-\i%i\ motx-ti^z 

kXbtibK 77XV$£i&<omi#X J $matfX$:ii 

[0034] mxtmwffi.<?>7yx-?b wtvmt 

Mrf: f^n$Um#3m)lzfttt&7yX~?%m 

&f&i&thm&x-i>Zi\\ 
[0035] *mx*rz t wm>t>-%h bmLLt& 
mftbixmm^nxv&zb&Mmz. 
•mhh. HMzm^*jMeb^xirtmt&%zix 

iz$tti&zb&m-t&i><ox'i&&\ xmiz&^x 
■mB.<m& tituhb^m . -ms^^ 
gti® (^fci.«4N (99. 99%) ) m&comzi® 

fSLZIx&Zbtmil. 0. 0 1 xn&crfc&crrfWto 
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[0036] *mV#AC0Wi&t mtfr&Mt. SfiS 

ft£Fbfcl/C, Fa/(Fa+Fb) =0. 05C0Z 
k£^0. 

[0037] mi6i 'J ) fctt. HSfcfl?£x yf- 

[00 38HBS (X7'J&f) fctt. HRfc*9'Jfc 
[0039] <t^(8«B3f® ( CMP ) k -&fc#8f 

£ £ J: o T8f® £tf 5 C M L (Che«icalMec 
hanical Lapping) =Srfc'i£tft<?5i: - f £. 

[0040] y -fl^tatsffiagfc a. -Hfi^a^ 

0. 5%&±<DA7»Z^fcW&®ffi$t%Z^0. I 

?mmmmbmmmm-ehi%&. % 1 *x ••/ 
T<mrni&&t( : & 2 xf- r<osjess i 0 1> 1 «Na 

[00411 R&feJPJfctt. ^ao^BCBAttWi} J:lX 

HRfOVb 'J 7V-A' ( BTA) Srfc'tffiyflSftl. 
(BL<<±'N«!FI I 8-6 4 5 94^&f8#$) . 

[0042] «mtt^y rmkn. ^zmm^sm. 
2tixTm<m?%k'&mmA&tnm<ti#><o 

[0043] j^6»*. gtRMSfS, mm*v*y 
c Mtmit^mMmmk^o 

#5fiLbtf>t<9£^:5. 

[0044] JI»>ji*KiSi: tt, HKfc^V/^-?^ 
y (single damascene) j. Tvk?'-? >- > (dual daresc 
ene)^^J:^tc, tmmizmfl&tlZmk'cOft&tz 



[0 04 5]§m?ifct;:-?vvt, rAiOBfcifr&j (i 
tti rBC*«-|»A?)j ) SiRJta^'Xfcv^fc^Ji. Sf 

[0046] OT^fSOJ^S'Ctt. ^ffc^ifc &J21 

mm-ttttffimmvmwzwwk Lxmma 
[0047] tfz. aTem&nmmrete. m±*<o 

M*£Mcv$mm. mm. mmm&k'<»m®iz$>i>. 
[ 0 0 4 8 1 $ OTonttojgsfcfcvvc . 
<vm (®&. mfck'z-sts) tma-rs 

(c. OT«iete«»®t-*f' v t, znm&mm (sat* 

ty$>frtz&mX't>&k%lt>tL&®& : S:&Z. &f ll> 

[0049] Piec &LT<rm&<mmizwT » 

[0050] *K{c*JV>T^«^«IiI^Sfc 

v^dt^a. ^fci*4g^y3^seLh^4ii&fc<o 

# v SO I (Silicon On Insulator) Wtf&T FT (Thin 
Fill 7ransistor)miWfflg&%k'k»-ot:1&m*S. 

±.liZftt>tiZ>l>(OZ'ktsl><Ok-?h. «>x^fc»i 

*mmm ®mkWcow&izm\> ^ h ^ y 3 

[0051] 

S^<^0t:fc^T . ^—(D&mziim-coVf^Ztt 

[0052] im&MBi ) xwwm&mmi-c 

$>h C MO S- L S IOSJi^SrS 1 -0 1 9 £fflv> 
[00531 Slt^Tidt:. Mi.tfl-10 
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S^ttSlS (KIT, mit^o) lt=8i;*3 5 0nag 

y/£JBvvtjej£Lfct|. i8<0rtg?££triS« 1 ±KC 
V DftTv- 'J 3 yif IfcK 3 . g|V vC?8<D±& 

y 3 ymm 3 *<fls¥iiMm8 ( c m p ) k j ~>x 

/V5£)Bj£U:&. S«l£x?— J&tfktZZktzX 
[0 0 54] 02fc*fJ:dfc. *-HKflJt6 

(o±mz. wffi.m&^)3>m. wn (s-it^y^ 

xry) KtJitm (^y/xfv) K*^=SrSy-h 
Hffi7£»j£-t&. ^IS^ynvlgtiCVDatiJ: 

y-h«fii7«. .ifi&JifBKO^-xy^fc:,]: m 

m-t. y-ba«7tt, isfi^tgft^y^^sfcw 
^•jim mte>mmm:zz&'?xBjs.bxi> ±k 

4fcffi*$B8ai&gtf>n- M¥3SttP£l l$\ nM»7X 

;W 5 fcffiTO6«g<9 p - S¥Sf*«8 1 2 

5. 

[0 0 5 5] @3fc*-r«fcaK. JtfctK^yn 
ySftJKfcCVDffiTJtSU ^tl5-S*WKx-)-f-y 
^•tS^tt-k-'T. y-hmg7<J5fflMK:-9--f K«7* 
1 1 3 Sr^^TS . Z<Vtk. 4:*yfT*>j&* 
•fhZblzX-oX. pS^x;W4£i^&t!Jj8J©7)n* 
M*«(*a«14 (y-X. FWy) £Jgj£U nl 

vx)\,5£^mmg.<r>p t m^mimmi 5 <y- 

COS. f-*y. 3>K/H*^>&g&£*gfaU f&$m<n 

m^x. n* mmtm&i* (y-x. Fwy>» 

SffifcJ:tfp* g¥S(tfg«15 (y-X. FWy) 
Og9C3'!JlM HJ19$-JBBWS. -I-rfCOIg 
T. nf-**;W®MI SFETQn*Jj:tfpf-lr*^ 
MI SFETQp*^tS. 

[00 5 6] H4fc*-?\i:3fc:. fflKlifcCV 

Dffir^y3ye<bKi85r««L, awc?*!*^ 

X LT j' 'J =J >-BHfcK 1 8 £ F 5> 4 x •/ 

i-y^-rt^ttzx*). n> m*mim®i4 <y- 
u p» S¥^tt«i£i5 (y-x. Fi/-fy)«ai 

fc:iy:y-?h*-/l/2l£jgj£tS. £fc.Itf>fc£. y 

- bW&7<?)±.fflz i> a yf 9 Y*-)V2 2 

h. 

[0057] ^ynyiHkisistt. y-ffg«7. 7^ 



V^IS. WilfBPSG (Boron-doped Phospho Silicate 

GiassJIg-CtM-f*. xtry^BS*:J:oTJgj£ 

$ft£SOG(Spin On Glass) KTfiS^LTt <kV\ 
[0058] <Kfc. 3^?b*-;l<20, 2 1,22 
Ortg5fci7-5^2 3*BfS.-?h. 7*5^2 3 SrJBfifcrS 
fc»±. mt\i?y?9\-*-*>2 0^ 21. 2 2<DI*)& 

y 3 y§HfcK 1 8<o±SSt:c v DSrrr i Ngt 
fcJ:t/W|g£itgU:». ^ynyKftMl8<7)±gSO 

^5fT i NKJ3«tlfWlg=&^l8fi|gfe (CMP) & 
£7t»iX.y^/\'-y?ffiK£-pTI&£U 

;P2 0. 2 1. 2 20)?iW<7)?>-lZZtlt><?)&£Wt : 
[00 591 JJcfcr. @5tc^ctJ:9fc. i/ynygKUR 
1 8 ^$£35 1 IBOffi&fc&SWE^ 4-3 0 £ 

mrs. wa^24~30£je^-rstfis witr^ 

y 3 yj&itt& 1 8<7)±mzxs*y 9 y y^8c-cwK£*t 

«b>t&. ytYWJXYm&^^^.VXZ.oyNW^ 

F^X-yf-y^-fS. ®l«BOWffiS24~30 

Ji, ny^^b*-;P2 0. 21. 2 2£ffltTn^--ir 

^MMI SFETQnW-X, FNV ( n* M¥ 
^«cfS«) . Ptt**lll I SPETQp©y-^. 

YV*y (p» S^NIft«^) J>sv^y-h«ffi7t 

[0060] <R(-. H6 (a) , ( b ) dtC. 

m i ffla*owffiiS2 4 ~3 o<o±s5(c>- y 3 yiMte3 

xyf-y^T^y 3ySHtJ83 1 tx;l^-*-^3 
2~3 65r^Lfc^. X;W-*-;k3 2~3 6<0rtai 

[0061] >-y ayK^LK3 1 u. muf^/y ( i 

-)V2Q, 2 1. 2 2 c0rt^tCT7i/2 3 £)&£Lfc;fir 
[0062] J^fc. 07 (a) . ( b ) iZyp^X 0 fc. 

^ y 3 y&ftM 3 1 o±a!fc:r7 x^c v d mxtim 5 

Ora^gCD^V^yayg-ftffiSSiSriiaL. ^V^Ti^ 
'J 3VSftK3 8<0±a5t7 , 5X'7C 5 

ora«g<7)^y3ye^R39$-*afs. -e^. y 

* M^j/Xh^^X^CLTtK^^X-yf-y/TX^ 

-*-^3 2~3 6<D±.m>isV oymttM3 9tJ 
vyrjyg^bK3 8$rl^*L. ffitli84 0-4 45-^ 

[006 3]IKg«4 0~44S:)g^1-|.t:<i. 

y 3 yg^bK3 8 £x >y f-y^x b y /N'tc ^ y 3 y 

SMfcK3 9£SS?Wt:xyf-y^L. -ewft. y'J^y 
SflJ138£x yf-y/fS. ClOi^fc. KSSI4 0 
~4 4 'J oymM3 9<r)Tmm^ 

y3yg^K38lr0^LTtJ#. ZVi/Vzy&ttM 

3 8<o^ffirx-yf-y^iSr-a^±LJt&. x'^yg 
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^3 8£xyf-y/-r£>wi:fc:.k9. SHi84 0~4 

[00641 iKC. ±IEBlt8i84 0~4 4«rt^fcfelT 
cO«t 9 2 JiBcoEISt 3rl>iItf>&*C u ffiH 

[0 0 6 51 £1\ 08CiS-fJ:ofc. K8i84 0~4 
4«rt»^tf i/ U 3 ^S«3 9<0±gWC*^-y * 'J 
^STHS50n^S^V^TiN (Eft^^) HS 
4 5 £««Lfcft. T i Nffi4 50±.SSfc:KiljSI4 0~ 
4 4 «ass J: 0 t+^CW^KW ( Ml If 8 0 Onm 

Jg) <0CuK4 6 5-XA y^l)y^Tlftai-S. 

•c, 4 7 5x3zm<mmm%m% (mnf*m® 

ft) ffTS«l2r|S«!6at-Sifcti-5 - CCuffi4 6?- 
y^o-S-fr. K8»4 0~4 4<DrtS&fcl®l3 : fr<Cu 
&4 6£SWity. 

[0066] dTtt. ^y^ffifciSCuK 
4 6 i: %<m<?> x ) 7n-t J: 6S»f>2 ! *£lHHU:a { . 
SviCuK£^s-»/:?a&:J:DJ&£L» *<9&*->' ; *£ 
•CC u K4 6 Kffl ST 6 C u m&&tfL L X t> &V 

[0067] Cu«i/y3y^tK+fcJ^[L^V>tV> 

?ftH#£>S*:i6fc:. S®«4 0~44«rti»fc:CuS 

MML^. y'J3 yK€K3 9 + CC u 

L. StUatf)®^. vU3y®-(tR3 9<0^^±# 

CJ:5S»S^SM^»iJn*5l#ec:-r. i*:. Cu 

[0 0 68]&->T. Stt*84 0~44f>rt&fc:CuE 

tfOi 3 ^'J 7D- - XK*; 9 >J V^ffiTffiSS4 0~4 
4<0rtSCC u&4 6£Jttf>&tfl§£K:tt. 'J 7n-fi 
fcCulS4 6<^lttS-|6j±?*&tt«t.^'Jr«fcS 

[ 0 0 6 9 ] C u fcJ&i'SSL&vxhET i N-^, W 

»4. z.ff)Xo^)rmtLxvmmmhh. & 

$K\ CufcRJ5LSV*Ta. T i , W. TiW£&$r 
k'<VSMti&Bi>>VJTmt LXm^ZZttfX%&. 
[0070] VXYX-mSth C u fiJSKOJgfittft 
14. ©J6S«C u fig£{£ C u KJ8£J&£tl>*§£?> 

fcjgfifct tajtf S - tVX* S . 
[0 0 7 1] @9»4. ±ECuK4 6<Ol9f®CfflV^tt 
^<OCMPgSlOO^-tWS0T*l>. CKOCM 
PgSlOO»4. ^fflCCuK4 6A9Bl££*lfcS«l 
£}ga&JR£i"2>o-*'l 20. CuR46£0l®. ¥ 

mitt&Mmm^ i3o, si&#&7 u:s« 1 



v^3C$t8LT*i<«ui&l 5 0. WfifeSJUli^ 

[0072] 01 OfcjjrT CMPggl00<9 
J5fg»UiSB 1 3 0»4. ±SB#gSJP3*utffi<* 1 0 1 
LTfcO. dtf)gttl 0 lldROfflt&iukHGNl 0 
2<D_t3gSlse»4. 0 3CJ:-3TlHlRra$ft£> 

Sfgffi CT^rV) 1 04tm , )ttttt>tiX\.">&. Z<7> 

iib-izMvtujxi&tiiitiwm'*--/ k i o 5 am*) ft 
»$>tix^&. 

[0073] 4fc. Cl<09f®^!«S 13 014. SSU 
^•rSfeAcD^x/Naf-vyri 06£ffilX^h. *J 
xy^yri0 6Sr]R'3f : t{t^ia4lftl0 7«. >>x 

<tO@KIBtt?n. ^o«f®Sl 04»±*-C±Ti!i? 

[0074]S«Hi. •7X^\4f^yri0 6fc:g»t^ 

*>ttSfgffii&Tl6l§ i: LT , 7X^^^ J v U 7 1 0 6CtRM 
'7XMdf+'J710 6WT5gg?Wi. S^l^ 

iRsg$<tsiaaio6a*^^*tTteo. cuonaati 

0 6 art \izWS. 1 £JR#t& t . -eotjESfSffi^^xyN 
* U 7 1 0 6<OTSfflt<I»H-5!pfii* i t:^aiL't* 

[0075] WSS1 0 405jJ5r*C»4. gfgyN"-/ H 1 0 
5<?5^ffifcS«l<^S!i9fe®k^©C8fSX7y (S) 
*mkt htitbOXy 'J^f 1 0 8imi?L>tlX& 
0 . -ewTS&tP^ftlSSitSBfS^^ 'J (S)itX-yX 

BfgX^y (S) tLT»4. Mx.^PS^^ifOiffit 
[00 76] 4it. .ItfDgfg8U!gffl3 0tt. Sf^-y 

Hi o 5<o^ffiSS® ( YVvisV?) -fhttfynTM 

X-hhYV-rVXQnztfaX-X^h. ;WHl/7tl0 
9(4. W@ffil 04<0±*T±Tirt2»ia!llftl 1 0<0 
TJSSfcKOWT^. ) C40@K 

[0077] ^*^7t^S« 1 J4. l»fiK8USa51 4 

S514 0J4. ±SLit«f®!SSai3 0«0ffl«f:S<HL 

tjm^tt^x^. zzxit. t-rmmm (ryr 

Lfttt^kTBfS^^y^fiaaWtcl^^iiJtgl. Wi. 

jf^yy h y7V-;i' ( bta) &fcv>B5«ay££/,*: 
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[0078] mgzyvcommm mm) hu m 

18® 1 1 Kin-t i 3 fc. *¥ffirtTlaie$^S« 1 

8Jl!t4>£?l®{fc&» H©««oy 5 1 2 1 A . 12 
1BT&*. y7i^l21A. 1 2 1 B 1 <9ffiC 

MfrLTfH^fc.tOs SHS8UI851 30T««1<?> 

[00791 BBfiW&Jitfi&T Lfcg« 1 UL *<0*ffl<0 

jSa«®ai 5 0^-^tcftf $ 

8-3 O^mmft^WKfifeRJB^SWfcimtf t^rV^ 
9 . C uE&2 8~3 0<9J8»£ J: *)~fgWitzm±i- 

[ o o 8 o ] m. i suum*^* 7- 

•r * c: t <nx'% h -mxhtm. ±m 1 timmx-v 
mwwWiX'iiix t, jt v\ 

[0081] fcffii§>*fU!& 1 6 O^&jZZilfiiSm. 1 

it:® , 7 -/ wmmm. 1 comizm lxx », ?• 
it. ±m<ox?77'm£%mt:itMTix, mm 

[0082] ±m@.mxmtf&7 1 «. m. 
-yi 7 0izmzti. m&m6LT-~mix<$am^ 

[0083] &iJ, ®l2IZ7Frt£otZ. KfiBSSa**! 

7 mm* 1 mwmm^frcomwm® < ?x 

^fi^S) 15 0£j£tfiBifcU «S+«3Sfil<0$ 



m<* 5 ct* t . %mm& 1 5 0 * iSfcUBSfc-*-* 

fltB<«£il«$r< k t> 5 0 0*7*BT, UiUli 
3 0 0/1^ XOT. $ hizm I <tt 1 0 0/k?XJilT 

[0084] ai3<C*tidfc, SfS^^S 

J: &m»-ffc^MK«!Rje*«&$ ill mizmhi^mm 

X'm&tlXhi.W 01 3t*1-CMPSS2 0 0 

D-^220. cujg&gf®, ^mittxmim^r 
mv&&®!m8&2 4 0 . w& 1 £&ifcfr-r&&&# 

j^t«82 5 Ofc«J:lX^a**^TL)tS«l Sr^ctfeiR 
®t&Tya-y26 0$:ffilX^&. ZCOCMP^W. 

200 ^ ffi-o^c ui^^ra-fe^-cii. gfg*as& 

2 3 0 (c*5V ^Ti3f®®lfc:#$fi^S« 1 tt . Wmtm 
ffltzX hW\fc^&8^i^ttZti&®lzm.*>lz& 

mBm®24 0£w&2ti. mm^vswAiftifim 
smtzx^xmzztit,. *<m. m.n±. &mm 
Mm2tLt:£t®mmm&2 5 otzimzti. &m 

[0085] Z<?)£o%CMPmtz£<9, isOaymtt. 
&3 9±OCu&4 6fcJ:tXTiNK4 5£K5*U 0 
1 4 iZ^tl o fc. SMM4 0~4 4 flfcC u®84 6 
a~4 6e$rjg^f.&. 

[0086]»Cfc. CuH&4 6a~4 6et:i/i;:jy 
KftK3 9<0^ffit:r7Xv®S5:ifrr. 01 5<i. r 

y x^mL\zm^hm^m.<ry^m^ liz b?e0 

(a)*5j:lPFffi0(b)-C&S. 

[00873 £tf>J!UigSe«. D-Hn7?I301 
fc2oc0j!iaS3 0 2a > 302bk*4r-/ M 
x^^3 0 3*5|X^ft{tA><lTV^. D-KD7?S3 
0 1 W WiSfi 1 SrSB&r 6 y b 3 0 4 iS$ h . 
a-Ka-y^30 1 fc*!tJI^302a, 302bfccO 
^ttt, ^S+t:t>D-FD.y^S3 01rtOSa2tt 

mmx ixo tzy- vxivyi o 5 £*rts. 

[0 088] ®aS3 0 2a. 3 0 2 brt(cJiS«l 5: 
«^-f61>--b^ 3 0 6 . #xjS£&;iS^-y:7/HS3 
07. 1f-fer?3 0 6£3a$-r&33$Stt3 08. IHs 
T9306 VZftfaLXWSSIXh * v is*VL0M&3 0 
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9 . A v V)W.3 0 7 Mmftft LT&&Zhfzmm. 
310£#t4>. imU3l0\tV*7?30 6tm& 
3 0 9 <7mWW^£^ffi&T<m$iW§£ TOOT h 
ftfflfihh. *Jr*.79 3 0 6<OgffiMfctiK9 i te-- 7 H 
3 1 1 rtfct£gSiut5y7-3 1 2**Eg£*U 9 ST 

3 1 2HfcU**HI3 1 3*^63883 1 4£miT 
tH*T*3 0 6*>.ttf8«l«t$*l£. ClflCJ:'? 

g&iawsfts. £tk a«i<i^-fer^3 0 6± 

[00891 5&gg302a, 3 0 2 b M^amUiM 

* »/ i'atfcom® 309 Sras urs« 1 rt&mzm& 

£J:9l£*Jtftfff3*l£. S^«S*tt«e3 09{cEp 
SllSfU INsT* 3 0 6 k«S3 0 9 fcOiSTr^X^ 
£&j£t£. ^«tt»]»i!tti.tfl3. 56MHz<7) 

1 0 0 9 0 J *!«!S3 0 2 a"Cti, fck ilffrkSffltt 

K) OttWtffrfcftS. 3®1^30 2ai:«raS3 0 2 
b k«io- Ho y 7S3 0 1 £tfL.TS8£:fva^Jt 

<^l£*M3 0 2bCaB£-t&;ik* J -C#, 77 
^TT^XvJiuik* * >y rHOje^Sr^Wfcff o 
C:k#T£6. 

1 0 0 9 1 J &fc, ±3£Lfc7yX~?WggmZtt^ 

gi&nzTy^-Ty'jxvjm&i&t. x-tvh 

4 X3 0 3*»4>S«lJ&to# -y b 3 04CJ: 
Oa-Ka-y^3 01fclRAS*tS. d-K07?I 
SOlSr-ha-^affi^fc^S^TSS^L, ntfy 
1-304 &fflV>T5QSS3 0 2 afc®K 1 £flB*t&. 

jaa^3 0 2a<7)y-b>'^y3 0 5^fflt. ®m&3 

0 2art*H^&m^fc&&£T*HaU:&. 
30 2a|cry*-T^**AU. 

09(cg#£EK&llU 01 6£j£t£l£.. SSEltf)^ 

mzrjxitmth. m^m<n^m^M^^ 

(?jhU 77Xv*®±-?&. S!«ilg30 2a 

3 0 4 1 i 0 Sfi 1 * D - H O -y ^ S 3 0 1 fcfflaJ-T 

h. a-Hn y^S3 01li^m2tt®K:^»3 

[0092] r?X-7j5«i^fHi. >tk Hi. ffl£ 1 
-»MX£84yf-kU:*§£. J?«Ifiyj£5. OTor 
r. RF^]£6 0 0W, IS«iag$r4 0 0^ 7V* 
-TSaSr 200 seem, JaSHSfaSr 1 0#fc-f 



k#?££. l@Sffi&<i600mi 1 stlfc. & 
ZWlihttAtX-hh. *yWB*^O^WC»i, Eft 

0. 5-6Torr. RFS*li3 0 0~6 0 0W. 
«ia©i3 5 0~4 5 0X:, 7V : E-7«fi«2 0~5 
OOsccm, «Sl^tS<i5~l 80#, m&ISffiJ8»± 
3 0 0— 6 0 0m i 1 s<0KB-Cl£e'tS£k#-C£ 

[0093] ZcoXdlZ^ CuE8i46a~46ek^ 

v a >mm3 omiwizTyxvymzm-z t tzx 

0, CuffiS46a~46ei>J:tf^»j3>e^tJl39 

-rtztifix-zi. ztuzx*), &tzmwt&*vv7 

m (^UnvSfti!) kCuBEMl4 6a~4 6efcitf 

[0094] <X£, O^-yV3045-fflV^TS« 1 ^ 
a^3 0 2 b Ki&g-f S . 30 2b c7>y- 
X305S:Bt» 5l®a302brtA«+# 3 5:*SSfc : 3: 
S^-CW^L-t^ 5aa^3 0 2bt:^7> (Si 
H 4 ) . TV^-T, iS<Ol^xmL. EftlB 

* l 4»mffi3 0 9tc«#5rEPftlLTr7X-7?r^L.. 0 
17(CSrfJ:3(C, Cu^|4 6a-4 6efeJ:tXj/'J 

a>mm3 9<o$mizi'ya>mttm4 7 (^77 

7=7X-?iWitt&. %<tfk. JaSS3 0 2brtSrMS 
#K(t, y-hA;kX30 5*fflV^TO#-yh3 04fc; 
£9*Kl£n-Kn-y?g30 1fc:iStii-r&. 

a^ y h3 045rfflV^-fe>yb^y^7x-<X3 

0 3fcffl£l£SHtt-f&. 

[00953 ^y3ygfl^4 7(OK^afek^.tf5 0 
nmk-f*. ^-f>»s Sf3!§tf>KHk8S2JlB«ffi& 
(CuSH4 6a~4 6e) k^S^fST^^?-^ 

frmr, m3®s\m<m#^cuwmffif8.zti 

h. 01 8«, ±3£U:CuIS84 6a~4 6e«®J£ 

[0 096] frfc, 019tc^7^@<OKSLiT?r^ 
L^CMOS-LSIi^-WS-^-f. ^l®a<0K8 

(Ml ) fcL f^LTtaO^^X-f^K*'^*. IS 
2fflm8(M2)*^^5®fiS(M5) tTIi, rag 
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(M2) &£x/migm(M3)i±. st&fek mm 

m4lSS (M4) &£V&5mS& (M5 ) 

a, warn. ssHffiSfcit/ssts? (w$) arati 

y|8, 5 AlgiJ i ? y r/Xx V)S^) 3 JIfiS& 
fcU &7)fffil8 (M7) aT/WS-^AETlfSft-f 
S&7Jgffi» (M7) Ui'<V7 , «ft<JM3;h.&#B 

[0097] #Hifc<0)$gK: ifttf , TDD 
ffilz&WZtih. 02 oa, *^SScO^®co^ 2 B8H£ 

M2 (CuB&4 6a~46e) fcRfUCJBlSSftfcT 
EG^y7/UOTDDB^£^^7:7T'&9, 

t-? (^^Ref ) iR^ftc^-r. atp^^*^ 

319, 43SSfc?«m. JtKr-^tJk^ s C»6«f^> 

[ 0 0 9 8 ] 02 1 « x ^M&DJ&«gT>§fflLfci' V 3 
y««3 9 0 ta&TSSS&^'J ayg<lt& 

fcMfti' U =J y fcg# Ki-^^-C* o T t> 7 y* -7 
75Xv3^£iS$&WUf tfeglSfc 'J 3 ylHUSi: 
L7y!§£i:M*>fflSaa&^ (54 >Re f ) . 
•J rj ygtfJSSrieiiKCaffl t . T y^-TT^X-?^ 

S. L*>L*cDfa±oS9£a*£<=5:<, Ty*-TT 

b&bfrh. Ztlli. TDDB#fSr££E-fl>l?Bai6 

[0 0 9 9] *»>5m£>a, 7^-777X 

VjjUIfccfc OTDDBH^^il-^SfllSrWJftS^ 

[0100102 2-02414, CuffiKSIOTPS 
(X-ray Photo-electron Spectroscopy ) fflfi<V&3&: 
^l^yy7Tf>h. &0# (a) , (c)ttCu2p 
«4r5l3g3i£*U (b), <d)aNls<D*r3fcfc* 

[01011022(a), (b)iiTXT*tfMe>C 

hfrh. 022(c), (d) a, Cu&fcCMP«0A 

u 2 p <0 7 b b i K N 1 s CO t- ? ft S . 

^ELfcfflO^^'JWiBTA**^^^*, Cu« 
m&®8 It: BT ApV5§&£«&L-TV>5 tcobfflfc 
T'§&.02 3(a), (b) a, CMP®fcftifciMl 



u 2pe-7C£Mi£&ft ; S:^a { . N 1 s e-7*>'{S 
TLT^S. a^J:OBTA*>m$^utfc#X^Tt 

s. 023 (c ) , ( d ) «, «gtm^»amt=2 

h. Cu2pCOV—7bbl><iZCiiOc0V:-7&ffim% 

. n l s tr-? fcattSfc J: &£ftitM.t>tvtc\\ 

[01021 o toRftstutc ugEStr y*- 

*£&#024(a), (b) -CJ)S. CuO<0tr-^« 

BBm&i/cvis. ni str-^asK^txn 

KftStUtC uBSS5t3 5 0X:«*^S!Sa$:Wt^« 
®<0CuE$S*SBS:#*rU:. t&KiB24 (c) , 
(d) X'bh. Cu2pt-?C3UT t 024 (c) 
i:024 (a) b ZtiMttlK. <t97Xr*#@(0 

2 2 (a) ) IZ&X^bfrt}. 7kwmM0>-}i-tmjt& 
twtQthtit. -U. ni se-?a«fcA,fc*R 

[oio3i mjTMm^h. Ty*-TT7X-?9m 

*) C uffiSI4 6 a~4 6 e <0*ffiJ4SS$itS b b 

hizmmim^iixzb^h^. dcog^a, 
h mowmxx tih * 7 y b m b cokis* m± 

[01 04] 025a, isvoymmmcoxpsft 

mft^t&&Zttt? < 77?to t ) * 02 6iJ.fc^02 

7a, ->V3>mm<mmvi (tds-apim 

S) Srtr->Jtte*tSr*i-/77TfcS. vt)3y»ftJS 
£D#«rfci3Vvni, CMP^gt^iTtfofc«® (7n 

7r-f^c) . cupwm^mryx^m^^ 

titfB (To7r47l/D) , CMP^a^ftTyt-T 
7"5>Cv3ayi^ff^ttli (XD^r^yWE) , CMP 

F) t-PV^T«-«fLfc. ^rfc, 7"D7r4^C<01 eV 

Sjg^x^df-^rpvvo-ritaf-^-vT v 

[01051025(a), (b) atttSi 2p^ 
^h/^ffl^LJtT-^f* 1 ?, (a)lilOnraS 
(b)a2nmgS«0gH$S-^*fLfct« 
X-hh. 025(c), (d), (e)a#^Nls, 
Ols, ClsX'^fYil'ZW&Lfc.T-fX'tih. 

[01061025 (b) **r7Xv«^i(r 
a7T-f/PD) OffiX^Mf-ffl (102eVftiS) t 
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[01 07] 02 5 (a) J: 0. 7y*-7TyX~?>& 

m (rayr^ivE) tmmxyx-?$m (ruyr-i 

)VF ) <7) 1 0 5 e VcOtT-^i^ffiX^W^-fflfclS*^ 

(103. 5eV)\iSi-0-n&isk%it>tlZ>. 
7 y ^ -7X5 XvKUSfc <k tf^sgx? X-?*!UIfc J; 0 

ifcfc. 02 5 (a) t (b) t<0it!2*^, 

^fmaxvm^ryx^mizxhmim. 02 5 
(c) -ckus-e^s. 

[0108) 025 (e) £9. imr=jx-?ym (r 

WbPZ. CMP& (707r-f;K) C0289 
eV<oe-^HC-0^t^<b<l«.. CMPftTJi 

10 10 9] 02 5 (f )tt. Sit-^tNtT-^i: 

T>*-T7yx^w&tmmxyx~?>mti:\m& 

[01101026(a). (b). (c). (d)li 
#^SftSt41 (Ar-H) . 7 (C 

2 H 3 ) . mSC57 <C, H 9 ) . 9Sm59 <C 3 

h 7 o) z&fcLfcyyyxhb. tti. 027 

(a), (A), (c). (d) »*g-*»S&28 (S 
i. C 2 H 4 ) . S1&44 (SiO. C 3 H 6 ) . 9 

fig; 2 9 ( S i H. C t H 5 ) . 1 ( S i 

H 3 ) ZmfeLli.fyyX'bb. 
[01111026 ( a ) *>4>. X^XvJSUgfc: <fc 

( T D 7 r 4 >UD ) WK/tfig^ffl^^ ( 5 6 0 "C ) 

t JfeR bt 5 2 0 "C t fiV t . 
[01 121026 (a). (b). (c)*^.S-X 

v±xti>imm<r)mt&M.t>ti&. 027 

( a ) ~ ( d ) ^mA<r>m^m<n\i—7(rym. 
-f3r*>*>. 3 0o~4 0 0x:<oe-^ii# 

Si. SiO. SiH. SiH 3 #0 

a-c. s i ocogByia^fiStf. ryt-rr^xv 
k\ -r&*>^. rvt-T^^xvsaa-eJis i -o- 

[0113] £;h.S><0ig£a»£>, v-ynyKfl^iMW 



^y^ijy^y K<7)Jg0i:^6S i -OH-^S i -O 
Ty^-TTyX-7m^ t )^ S^i££tf)Si 
-0-NT > &*g$:h.£fc;f*.S>:fl&. Ty*-TTyX 

(0Si-O-N*qSMt. v<;^<0Si-O^kS/'J 

&ix&. ryt-rr^x-T^si^ff^v^ 

*t>*i>Si-OHi^<0^yy:iygHtR?) 
Slffifc > D 3 yS^^glfM T y *-7 i: # 

ig&Rjeu yy?vy7XyY<r)Wffivhhs\-o 
Wkb x y 3 y^ftMk ^ffit^&tf^yX y yx* y 

[0114] uuio^wtsiy^. ry^-rryx^ 
wmizx *) . Kftstutc u sai<?>^ffi»iS7c$iiT c 

v-yays^hK/vyay 

[0 1 1 51 02812. Ty*-TT7X-?J?UI£fT-> 

tz^mm<r>mm<7)i%^ff)SMM t^j? ymm ( ■* 

-/TK) k<0^ffiSra«L3tTEM^ET&S. -*0 
2 9\tTy : t-T7yX~?>jm : &'*i btc\^%&<rMW<r) 

^■fkS-C3i>2.k#i.^*. -*02 9"C(±. ^OJ: 
[0116] *)t. *HSfi<^®T«. Cug^coSta 

s-ffijsr^i.. 03oii. «-a<ojsa^ff-?3t^os 
D tryt-rr^xvjuia^L^^kTJi. ffio 
») tifcKLr^rSfciis^fifc^oT^s. 03 lis 

J:^03 2«. ^ix^^SSr^L-^^-cOCuSBSk 
=^+-y7K (i'ynygftK) k^MSrS^LfcTE 

m^etj>*. j^sukry^-rx^XTsaa^ 

^ (03 1 ) T'l±#W£¥f%i><Olin.t>i\tc^t/ s . *^ 

r--^. g^x^xviiuKo^ (03 2 ) -ra#® 

ICStoOSsOW K(CuSi) ®*«^«SilTV^. ^ 

5r v y h®«. v y 3 yMfliK<o^«wK<o v 7 y 
^xtoRK-cmsns* 1 . ryt-rjsssrffoT 

o. ^<os^kK*^y^ FWC'^y/it lt 
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(B3 2 ( c ) . ( f ) ) <o%r£tz\i. nm£ftt>lre> 

fc x 031fcJ:tf03 2fc;fcVvC. TEM^K (03 1 
( a ) J3 itf (bKS3 2(a)~(c)) fciD* 

t« M^-^Sffi (S3 1 (c)feJ:tf 

(d).H3 2(d)-(f)) £##»*tf>fc#TE 

[0117] JJ2W:#tlTi£*a^ TDDBM<^ 
it. c uH8<ofl®g|5#fc:§HyB ( c u o ) tfB&Z 

BlfcSiy 'JIM V1ffl1&£tl&. .TOid&KffcfflfcS 

^< . z<dx d ^ :tyft3ftfc£»ii!®ia?>«#fc 
Jt. mss&imibSJi'cmmtiism^ (vyayfHk 

H39) k^77i (s/Ua>flftH47) 

:*^cO^SU97y*-7^£ifcS3:V^§&fcte 

(TDDBSHfr) . 
[0118] £ft.£ttU *Hii[^®TJi> Cuffi& 

uESS4 6 a~4 6 efl®9&^«^SiVOlB*: 
U C uffi&4 6 a— 4 6 e 0)$ffll£B^ttMtii t 1&& 

imt tthwu * yi im\z.mktz>wmm*± t 

3yefl^3 9^s*cr>' ; E:-T5!«i^*JrrJt*. ^ 
y3^fl^4 7fcc7^^s^wtt. yyyyy? 

#y K<05Bg£ft«UC !)-*nxa»*MWtC* 

'J 3 VB*fcR3 9 1 v 'J 3>g-(bK4 7 1 <9»£#ffl£: 
Jgj£-C££. £*UCj:»)TDDB*&£rtJ:"e#**>"C 

[0119] %ti. WsiLt:mm>t>. *3t7*5Xv8i 
gTkTDDB»ffr£fa±T'#&i:#;l i"&*> 



i-OHtfSi-HT&SgSflS. v-yayg 

U Si-N-CS&SftS. dntckoa^fiWr^ya 
y&ft&t isv 3 ygffc^o#ss#»j£$;h.s. >tJt*u 

SmSSHtmM^M'OmMth. 03 3 (i, *3IX5X 
-?5>ig£tT -5 fc=®£tf)T D D B^»f- ? £iS L*: 7" 

A (TVt-rT^XvJira) £*L£. *fgT5Xv 
(54 yC) Tli. TDDB*fr#|gKfc:i6Lfc.i"& 
Zblfikfrh. #3BX5XvJSSO«&fc:tt7'5Xv*' 

fc LT^y 3yM^taM>Ste^ttftT-&oTCu t 
yD) TttTDDB*l^&^TffljTf&. 02 6. 

2 7*^t>i?A 1 &<I:3fc:. gST5Xv««atJ:-5T^ 

i. ^x^topyttm&mto tx \,M,zk £.m@t& t& 

[0120] TmSkcffiBX-li. $ ^>t. C US84 6 
a-4 6 e HkVi/ 0 ay&im3 9 k** ~/7WL4 7 

-?-i;ytf±z<%&k^oim:i>t>&. 
[ o i 2 i ] &te. rvt-r, 

^•^r5X-7TjraLTt>^^. -pkhiy. ry^e- 

h->xi>^\ znt*. ry*-r. *sv^« 
TkStry^-r^WJi. saffi (®as*) fc^tr 

[0122] (SS&9J8S2 ) *H^^HJS^®2-e 

* s c mo s - l s i <mgm*m 3 4 -04 3 *jb 

[0123] ^SfecT) JB©<7)S?Ja*ft<i: , H^^ffil 
trfc»tS 0 1 ~0 8 T^Xgfer-PV »2P«TJ> S . 

[0 124] 034fcL Stf>2^CuBJti^«fcffl^ 

s c m pmm<^M&mn-^mwmxhh . 

[012 51 0*OiotC CMPHS4 0 0«. 

wm4 0 1 t-e^gt:iS{t'c>*u:^a^4 02k 

(ckoTfliJSSiiT^S. Bf®*aaSS4 0 1 tcli, «>x 
>n(S«) l«SfeJfta5:4f3 2^<0^i (^l«ffi4 

0 3 A, ^2^S4 0 3B) . WWmtM&b~>t:gfo 

1 S-^fiBaifU. -E-<0^ffifc:B^«yi5rtet^ 0-y- 
^T-^ 3 y404. 2l«lt:n-r406. ^1^ 
4 03A. ^2^S4 0 3B. 9V-y • Xf— : s*y 
404. Tyu-9 '4 0 7fat^t!lS^lHieT-A4 
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[0126] gfg*aa&4 o i ^gtiiiHia^^*! 
i?o)ta« i mmkx? vyw&s-hm&mA o 2 

imVbtiX^Z. 1£Mm40 2Mi. o-^4 0 
8. §S18fe»&4 0 9A. §S2ifc#3[4 0 9B. Xty 
YvJ^A 1 0. TVD-^4 1 l&fc'tf^SSflTV* 
5. ifc. &ifcft«4 0 2fi. gfe^*<0SfilO*ffifc 

%tffl8i??><niW)<tetblz. £tt#sg3fc&4 3 0TB 

£*U rtSttflSO/Py?:*. #£L<»ilOO/Wy7 

x^xr^mmt^x^. ztut. $mtzmm%i 
mm tfzm. 1 tsms^fc&wsfis fc . ^ y 

3 >«3tS^ fc <k~>Tp n g^fcjs&mcstfsft , P 

n^iOpffll (+ffl) fc^SfLfcCuffiSfrDfeffl*^ 

i. 

[0 127] 03 5fc*-tJ:3fc. 3il£&4 03A 
»i. ^<7)T3tc^ttfei^iBiMS«4 1 2fc<koT*¥ 

fflrtT0€Sirri>. ^i^S4 0 3A<7)±aitc 

tezmernim-? vis? >%t' v&isim**} 

-fcflSOfttfTJBjacLfcSF®^/ H4 1 3*rflXDftlt£> 
ivO>*. ail5£SE4 0 3Aco±;frfcli. Igt&$f84 1 

4 fc J: otifDfc itX^MrtTHlteSSlrr* 
3fVJT4 1 SVWMZtlX^h . SKltt. icO^X 
/v** 'J 7*4 1 5 cOTSSSffc^tt&ftfc^x/vf--* -y ? 
4 1 6fciD f, Jx-^'J^4 1 7t±-5-C> -e^iffi 

YA 1 3fc# LWt&ftS. HBS^'y K4 1 3© 
3afc^l4*»IOTfc»l^»±*9yWfi*4 1 8 

mmvtt&ttitsxvmmizwmztih. 

24 0 3 A<0jJSTKtts OMMI4 1 9fcJ:oT±TS> 
feJ:l/*¥ffirtTlHiega!rrS KP7t4 2 0« 
*lTVi&. Kl^-y-9-4 2 0OTffiSKWi^^>He 
^fcWU^MRDWtWlTfcO. VM"? K4 
l 3<o«iB»i, ffig^fc<kl»Bl£2 9£fi&<'*:«>fc. 
^co^fci^TjaBWfcflJBflShS. 8S2JSS 
403B»i. 2*OX7Uttl^4 18a. 418b# 
a(t^*lTV»*A*tt#. SglJg£4 0 3Afc«ffH8i 

[0128] JtIBCMPgS4 0 0£&-?-CCuffi&£ 
Btftf&Mi* d-^4 0 6 fzOgdiifcSK 1 iSrHMg 
7-A4 0 5*«-»T»W»M4 0 1fc«A.U if 
036fc*f .fcdfc. ^l^®4 0 3AO±fcfc^T. 

mkZ£t%M7Vzmit:fc t mt8m% (ass? 

roESt8SI4 0~4 4(Oft&<7)C uK4 6 £6fc£f S 
(037) . 

[ 0 1 2 9 ] £ £ U ~ftM$Bf&fc T)V 

vy#&fc^$^^&&^^frft#0. 5 

%m*mmmwL u?y ) zmLKwmtm® 



ffifi%*8t<0*>tf)#JJiL<. 0. 0 1fift%*8tOt> 

[0130] ifc. ffig&fc LT»i. C u cr)®$t&iz& 

fcTiN$4 5 0V)7M) fc*tf SCufi4 6<9»f& 
miittWZK fc t> 5 JjLhfc&S X o Cf(0ll^ 
S*utt>tf)tffiBBS;fi&. £OJ:-?5:Bfgi&fcLT. 1! 
ftfflfc^eKfc £ $A,tiZ ? 'J £ 0t*f 6 dfc#*C£ 

S£fca*-CS=. WSKfc LT<±. ^xyg, -?n^ 
7v;HI. y T^trviL $JftStt« 

SBBL HSL a^Sf&fcSrflaRrfSifctf-C^ 
S. ,Ift£>o5t>. »SHbfc3lte&®£#£-&if . 

o3sirc«^v^, ffi®?fffcffi^-c#s5:BMi3fl-cfc 

tixs*). fmtix<rmt>&<. %^i> 

*^<omm&i>^fcv>. mmvuzm^xim% 
mmx-t>&. *m&c?>Bm&i. mttmwzsim 

[0131] ±IBSf^SrCfl:^tS*SWSSrfTd t . tr 
ti&t±M8tttMtf*%mt%iX®liiL. ISSBStftM 
Tft^lfiHtlf^Wiff-tS . =5ri3 » £<0 «fc d %miL7 V 

-^imtmLtewmsmmiz^xit, 

B^^fcfci: S B3fs^S s F9 - 2 9 9 9 3 7#fcitm 
S¥l 0-31723 3#fcpL<^a$itTV^. 

[0132] sfe^mi. -flit lt?^s=2 5 0 g 

/ca 2 . ^xyN^f-vyriHHSSt=3 0n>« , ^06^= 
2 5rp« . Xv y Sffl= 1 5 Occ/ainfc L. Sf^-x H 
li. *fflnr-;KRodel) 1to?mm.n«r K ( IC140 
0) fcffiJB-TS. BfS^^i. Cuffi4 6*^*?it 
TT^OT i NJ84 5^ait)t^j4ifc ^O^tti 
Jp|gJtm* { CuR4 6*»^TiNM4 5t:^fcfc 

■f^^aj-f&^fctcioTtfd. SfS^/K 
? hJV^ftiz&^X^mtHLti*) LXi>£\.\ 

[0133] S3 7lZ7jfrt£ ot, ±£c0?gl47 y— (k 
^ISM^iSrfi 1 ^ £ fc tiJ: 0 . SSSI4 0~4 4<0^ 
<0C uH4 6»45&fc'^i$ixTTl<7)T i NK4 5*«S 
ai-rs* 5 . 038(a) ( b ) fcifcfcLT^t J: 3 fc. 
Tift8HfceBLT4tfcT i NK4 5<^A (^WT 
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[0134] iKfc. E&J84 0-4 4<0^»T i NH 

45 1 *co±ffiteJlBlrttfcSH>tC uK4 6 t 

ZKthX.. a£l£fjSl£3S4 0 3Aa>^2$ag4 0 
3BCSU ffi&£-&tfflflgfflt ) fctefflLfc-ft 

mp) ^tfd. ^ z vm$Ltt?mm\m t \i . r^s 
{torn. o. o3aft%«9?x>'it*JJ:tfo. 5&a% 

8 a £31 tTSS2JSS4 0 3 BOBfg^-/ K4 1 3 

[ o 1 3 5 ] £ zniimittsmmmizti^x 

fcL T i N§£4 5tO±Ht^BfWtSI-53t:CuK4 6» 
(fcfefc3IS«frv^ Et8*SI4 0~4 4<O?l^5WT i NK 
4 55r^*-r&. -ewT. T1NK4 5 (><VT®) Hz 

ftTSfe^ffVK ®S^|4 0~4 4<0rta!<0CuK4 6 

[ o 1 3 6 iffi&o^fn^ nnt Lxmt= 1 2 0 g 

/c,2 i^xy\df^»JTIlIfeit=3 0n« , ®HeH£&= 
2 5n>» . X5 y flSft= 1 5 Occ/«inh L. HHP*? H 
{J nr-^ttiO I C 1 4 0 0 Jffifflt h . SfgftfciT 

i nm4 5<omjm%ftt l . gro&j&i. t i n& 

[0 1 37] 03 9fcifr3-J:3fc. JJe<^n8&ft3^ 
tSSf® £?? d <I fc i 9 . W&m 0~4 4 ^S5<OT 

i NH4 5^fc'8§^3ilTTJitf)i' , J 3 ViHkK3 9 
#8tfJ-t 5**. 04 0 ( a ) . ( b ) izWzkLXTF-f X 

ate. rm^iz^Btx±tt:^v^ywt(m39<o 

=5r*>-?fcT i N&4 5#i&t#-t&. 

[013 8] <fcfc. B«8S4 0~4 4OrtS?<7)CuK4 
6tfH3fe£*TfS5:IS9fPS'JL^^ filS*S4 0~4 4cD 
WOffi^i 3ye-fc&3 9±fc^m«fc®-^tT i NK 
4 5 (A»J7fl) £^i-TSfc«>iOSS?^fb^SISBf^ 

(S3Af77«CMP) £tf)§iKWfl:¥«81£ 
mm\t. CuR4 6K*«-*TiNlR4 5«9B8aHIUt 

saigflfgii. c u K4 6 ofiff^ssfc^s ^ y =» >* 
[01391 isimm&mmmtfto ei*. -» 

ICB^W^-fc^«HSef@-C'ffifflLfe«k3^0. 5%tt 



wswsaa«ifcvH\ ovhorv-n^ ( bta) n 

7"*>\ hUrV-zK hy/l'by77W^i:*#i£Jfl 
Sfl&tf. ^tCBTAtrftffiLJt^K^^ffiSKS: 

[0 140] BS^IfcL-T BTA £&J8-fS*§£. 

iaglix^'Jo^atctJ:!.^ iiSJiO. 00 1-1 

J:9#iL<liO. 0 1~lflS%. 
sfclXJiO. l-~lfifi% (3g(8) 0^111^+^^® 

A^fcUTO. ll»%<OBTA£&-&LJti>OS:ffiJfl 

nmatzx&mm&co&Tzmv&fcfttz* *ot? 

ttixf-vyv7$y0B8B (edta) ^fc'^^fc: 

zjvimmLKtt&mmmiz^xii. *®wjm 

^rt'fc:J:I.^R¥10-2 0 98 5 7^ ^®¥9-2 
9 9 9 3 7 ^fc J:tX1tS¥ 1 0 - 3 1 7 2 3 3^tcBU 

[01411 z<^mmmmmm (fg3xxvro 
cmp) n®^ffiS(k^««s (fg2^x. y r 

COCMP) milK®. 5l#^T^2^S4 0 3B 

yVmt^4 18biMtxmm^ y K4 l 3c0«ffifc: 
mZZtiZ, . Sfg^Wi. fc LT#S= 1 2 0 g 

/ci*. ->X>»N^-p'jr[MHSS=3 0rpa . ^ffiIiI^S= 
2 5n» . X5y8SLft=l 9 0cc/«infc-fS. 
[014 2] B4 lfcJ:tf04 2 (a) „ (b) izmt 

xoiz, ±ai<?>mmmmmmzft o z t tz x o . 

m&M4 0-4 4fl55MW>T i NK4 5^-f^T^feS 
#1. 88M4 0~4 4 cOrta5(CffiJ6i2^C u 6 a 
~4 6e#Jgj££*l&. 

[0143] ffii6a^CuBBI|4 6a— 4 6eiO®S^ 

tiWSB 3 4 iZTfit 9 y -y ^f-^ a >4 0 4 fc: 
fcvvtBTA£Mflfc'kTS«lS:ifciH-S. -^>t 
§ . a???Stc8 o 0 k H z&±<nmffi&$%®)itoz.X& 

W. 1 <0^®*> ^ 7 y S&Sr^SS 6 .* # V - v 

« 1 5-§f3«®ttm L7ttt<sre0fS«Si^4 o i &h 

m.im402tzffikl. ^ia»SP4 0 9Afc:t>^T 

0. lttft%C0NH 4 OH£iftfffifrffi£JflV%JtX:?-7 
^«»*fTV\ «^T»2ft»94 0 9Bfc:tJV^Tlt* 
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4 o 2 i <omR£%&mti'& zttz 

jSBLTC uSS4 6 a~4 6 e {CJ&£#36±-f 

BKfcft. £tt* s igm4 3 o-csi>n-cv^. 

[0144] ±MA97?Wfr (Wm) *^TtJtffi 
SHi, xtry K?-f-1r4 1 0T$a£3*ut&. ifclg 

toi45] zmnDxmsms&Mmi 1 1 hs-cj> 

6. 04 3(2. ±i£U:CuK*l4 6a~4 6e<7)$j£ 

[0146] *Hift<0»Sfc J: fttf . HIS?*® 1 <0*§ 
£J93£tcTDDB*&$-|6|±-e£6. 04 4li#^ 
ft<^i<^«T D D B^p*£* 7TJ> & . 

$$m<W&®?>%r&?>T'- fit? 4 yETTptX^h. 

mmm<7)i§r£ <su&djb®i ) or-? (74 > a) 

ymim^t s -^'s-s^t^ t # 
Qo^ffiny^-v^i-s. la>u mttyj-n® 

[ 0 1 4 7 ] &;fc. &c^<^j§rii#f sssbui 
am-tz (yjya) . wean* cMPg»« $ 
U *^7y^xT7?x^*!ui£ff9t<oT*&. 

tt#l&l± LTD D B^fSrtfiKg bit t><0 fc # £ <sftl> . 
[0 148] (mm<OBM3) 045ML CuS«46 
a~4 6 e«9$j£:To-fcX<0^7O-@T*6. ^0 
fc^ttJ:3t:. HF£fctt?xyigt3i6iftifcrg£ffii 

[0 149] HFffi&tt. ttttify'yz'Xfyy'Wft 

[0 150] &&lMHFffi$IZ<$lXl7X-ymtft : i: 
?xygaftg£5%. «fc?mfaSr4 5& 
[0151] CliOJ; 0 izH F £fc»i?xyS$aai>£:fflv> 



£h. 04 6li. *Hfi[^®<0^<OTDDB»#^ 

ItyjyiTTFiLX^l. ##<9fctf>. 39S*L (y4 
yRef ) tHWi<0»©l<0T-^ (54 yA) 

<cjkLti^. ry*xrr5X-?»«i£?T*> 

1\ HFim<D7t.Zff~>t:fi:VXi>y4 yJ£*-t£o 

[0152] (0t$fc?»$g4) 04 7-04 9HL *ft 

^Lfc¥lSafcJ:^ffiffiaT**. 04 7-04 9 t 
h^Xi3$m.W?)X-nibX\>^. 
[O153]047fcj*1\);dfc, *gtiK501±tffi 

mjmcotmm5 0 2$mi&i. zcr>sm®5 0 2iz 
[0154] zt>iz. vun>g^tK5 04. 

<r>l/Vn ywtim 505i>J:tfTEOS 

(TEOSRflJ!) 5 0 65r«ja-rS. 
[0155]fi^m*^U3yS{tK5 0 5li. ffli. 
(f*^v;HrX^-^-^-9-y (Hydrogen Silsesquioxane) 

(tetra alkoxy silane) +T)V^)VT)Vn^i/i^yy(i 
lkyl alkoxy silane) i:WMt^h^^SOG,Wit\^ 

->tzmammm*?. ryx^cvvwximt&yu 
un-xyxvi-mtcz. vcmm (e)#3. oa 
T<nm&i'y^ymmm<.z£'>rffi&t&. icoj:5 

■^jM^m^y 'J 3 >-BHtMSrfflv^ c fc tc J: ->TSM1 

n^4^ft$-(S«L. siasioraisrigjs-c^i.. 

[0156]»:(c. 048 (a) HzjfitXo&V-y 
T\ 048 (b) fc^t-idt. S^?L507$:^P^- 
S. =SSBBfL507<oraPfc«7*M;V^97-f fcX-y 

5 0 5li. ^(S*5a^Klf!Jt2:*t. S i -OHfe^5r 

^<^rt&. zcotuhznimizjmtzwLntm^ft 
mwrn ! &<%^ti$mtfiiizmiix^?,. 

aascswrs^u tk (wti-*y) ztwt** 
tmxism'r&tTDD B<m#&<tc^ t t>g»w 

tiTy*-T7yX^W3&ffl&(L5 0 7|*iS8oy 'J n 

yefciS5 o ssaistcMrt. ^ixtct *iiws i 
tsi-o- N^tctem^ns . 

[0157] 049fc^TJ:5fc:. «^FL507 
rttM^f-^y*>iG f ^>'^XT>'A^ : 5rS7'7^5 0 

i fc^afcs i -o-Nfc£#js&u s^^ytis 
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